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The spiny dogfish is the largest under-utilized finfish resource

of the northeastern fisheries of the U.S., yet little critical data is

available on its biological parameters. This study describes the

age-length relationships, growM and m-o~urn size for both males and

females; estimates were also made of size at reproductive maturation.

Dorsal fin spines were used to determine the age of fish. The samples

for data devel~t were collected in 1976, 1979, 1980, and 1981 at

sites in the Gulf of Raine and the New York Bight and ccmprised 218 male

and 434 female fish.

Von Eertalanffy grm~rth ~ms were fitted to the age-length data

for each sex separately. Male fish were found to mature earlier and to

reach a srteller final size than females. Ccxnparisons were made with

gr~ in other populations of spiny dogfish. These No~stern

Atlantic fish were somewhat slower qrv~g than the European population

the Northeastern Atlantic. Both Atlantic populations were found to

have higher growth coefficients  K! and lower L~ and L values than
reported for dogfish populations of the Pacific coast, indicating that

the Atlantic fish grow faster but do not achieve sizes as large as the

Pacific populations.
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Statue of the Fiahe~

The spiny dogfish, or grayfish, S~a.lus acanthias, occurs in very
large numl~s off the Mid-Atlantic States and New England. Zt has
traditionally been regarded as a costly nuisance by ccmrarcial and
recrea,tional fishermen alike, damaging gear, spoiling the catch and

hindering fishing operations. Dogfish are reputed to be voracious
feeders and their large populations may have significant effects in
reducing the size of stocks of traditional food fish. Although landed
cmaercially in small numbers, the dogfish has been considered one of
the most important under-utilized fishery resources in the northeast.
The size of the dogfish resource is not precisely known, but all recent
estimates indicate that it is large, indeed it has been suggested that

at times the dogfish represent the major part of the gvoundfish biomass
in the Mid-Atlantic Bight {Jensen, 1978! . Similarly, it has been

established that dogfish contribute as much as 50% of the bicmass to
trawl catches in the Bight. during the winter months  Colvocoresses and

Nusick, 1978!

Although large numbers of northeastern dogfish are now caught by
U.S. bottom trawlers, they are largely considered to be unrvarketable and
discarded at sea  Mayo et al., 1981! . During the 1970's a trawl fishexy
developed for dogfish of the northeastern stocks off both the U.S. and
Canadian coasts. Total catches approached 20,000 metric tons annually

 Figure 1!, but the greater part of the resource was taken by foreign
vessels  mainly Russian! and only with the offshore mansion of U.S.
and Canadian fishing limits was this foreign fishery reduced. Catches

for ICNAF statistical areas 6, 5 and 4  equivalent to Mid-Atlantic, New

England and maritime Canada, respectively! are given below for the years
1973 to 1978, Table 1.



FIGURE 1: Total landings of dogfish fromm Maine to Cape
Hatteras  in metric tons!, 1964-1979.
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Table 1. Northeastern dogfish catch, fran ICNAF statistics.

 Tota3. catches in metric tons! .

Subarea 4

 E. Canada! * Total

Subarea 5

 New England!

Subarea 6

Year  Nid-Atlantic! *

17,300

24,400

22,500

17,400

8,100

1,400

10,400

12,200

16,300

12,900

5,800

1,200

3,400

5,400

2,000

1,600

1,900

200

1973

1974

3,500

6,800

4,200

2,900

400

1975

1976

1977

1978

* Equivalent region.

Since 1975/76 a significant. human food market has developed in
United States for dogfish. Both back fillet and belly flap were

exported as frozen products to European markets from New England, as
well as fran the State nf Washington. The flesh of the spiny dogfish,
properly processed, is very palatable and of good nutritional value, and
has long been a popular item of the European diet. The European dogfish
stocks have decreased due to overfishing in recent years and it is

estimated that they will not recover quickly. This market potential for
U.S. catches should therefore continue, although the market failed to

hold in 1980 due to high transportation costs. There is also strong

interest in the use of dogfish flesh in frozen processed fish products.

The regional Fisheries Councils have interests in fisheries development
for the spiny dogfish and are also formulating regulatory programs for
the fishery. The R.d-Atlantic Fisheries Developnent Foundation, Inc. is
active in supporting projects related to its harvesting, processing and
marketing. If successful development occurs, it will enlarge the extent

of the new fishery, and this will be important in broadening the

resource base of fishermen, � this mansion can readily be done using

fishing techniques and facilities which are already fully established

for conventional fisheries.



Popu Lation Parameter s

At. present, there is little critical data available concerning the
population biology and migrations of the eastern U.S. spiny dogfish and
much has been surmised by reference to data for the west coast and for

the Europ an stOcks  Jensen, 1965! . There are no quantitative data in
the literature for the reproductive maturation of the Mid-Atlantic/New

England dogfish; the only determination of age and growth for this stock
is Russian  Soldat, 1980! which uses an unreliable technique about which
the author himself expresses sane reservations, stating that
"considerable troubles arise when working  aging! with the spiny

dogfish". Reliable age/l~ keys and related information are not at
present available for the northeast coast stocks. This lack is a
serious impedixmnt to calculations of growth and rmrtality rates
necessary for purposes of preparing a stock assessment of fishery

manage@ant of the eastern spiny dogfish.
Because of the lack of reliable data on the fundamental population

parameters of age-structure, growth, maximum size and age, ages at
sexual maturation and fecundity, one of us  PM3W! obtained funding

support from New York Sea Grant Institute in 1979/80 to establish such
data. We have now developed satisfactory techniques for age

determination, using dorsal fin spines. These methods have been used to
establish life tables, growth rates and other biological parameters for
each sex separately. Similarly, quantitative data were obta~ for
sexual maturation and for relating fecurdity to mat~1 size. The

preliminary results are very satisfactory to allow direct comparisons of
these basic population parameters to be made be~ the underfished
east coast stocks and the heavily overfished European spiny dogfish

stocks.

MATEPKM! AND MR7HODS

Representative sampling of dogfish was conducted in 1976, 1979,
1980, and 1981. All f'sh in 1976 and may in 1979 and 1980 �48 fish!
were taken from waters around Hount Desert Island, l>ine, during the

nanths of July and August by A. D. and P. N. J. Wm&ead, working at, the



Mnunt Desert Island Biological Laboratory; in 1976 these samples were
supplemented by a collection made by Dr. Anthony Guarino. The majority
of these fish were sexually mature and many were females. The other
samples of dogfish in 1979 and 1980 were collected by Raoul Castaneda on
Genrges Bank, Brown's Bank and other sites included in NMFS bottan trawl
surveys  Figure 2!. Fish were also collected. in 1981 on NMFS groundfish
surveys off Long Island, New York, by Shawn NcCafferty. All these
latter sites yielded approximately equal numbers of irxnature and mature
fish, with no apparent, sex predom'nance. Total lengths, defined as the
distance frcxn the snout tip to the tip of the upper lobe of the caudal
fin when depressed to align with the longitudinal axis of the fish, were
recorded for all fish. When possible, the total body weight, total
embryo number, and number of ripening ova"ian eggs were also determined.

AGE DE7EP2~RTION

Age determination in elasrmbranchs is difficult, for they lack
calcareous otoliths or bony ridge scales, both of which are ccmnonly
utilized in teleost aging techniques. The use of vertebral centra for
elasrnobranch aging has been a fairly useful method  Daiber, 1960; Aasen,
1963; Stevens, 1975! but this technique proved to be problematic with
ScIualus acanthias, as staining failed to differentiate gr~ rings on
centra. The use of the dogfish dorsal fin spines for age deterrrdzmtion

has been successfully undertaken by numerous researchers and this
technique was utilized in the present study  Kaganovskaia, 1933;
Templeman, 1944; Bonharn, 1949; Holden and Meadows, 1962; Ketchen, 1975;
Soldat, 1980!. The dorsal fin spine consists of a polished enamel outer
layer overlying a thin layer of pigment, three layers of dentine, and a
central pulp cavity; this is shown diagranxnatically in Figure 3. A.
mrtilage rod at the spine base connected to the dorsal fin cartilage
keeps the spine in place. The spine grows from its base in a series of
steps which can be likened to a series of dentine cones laid on top of
each other. The cones are laid down annually and pigment bands form
between the enamel and dentine at the base of each cor.e, forming an

annual mark  Holden and Pmadows, 1962!, as seen in Figu"e 3 and 4. The
number of growth bands occurring along the length of the spine is



FIGURE 2: Collection areas for S~lus acanthias  outlined
by dashed line! during the years 1976, 1979, 1980,
and 1981.





FIGURE 3: Depiction of dorsal fin spine located anterior to
dorsal fin  top!. Schematic of spine gree~
 hottcm! showing five annual opaque rings or bands
at "cone bases".
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FIGURE 4: Three dorsal fin spines shaving pigment bands used
to dete~e fish age.
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usually counted by viewing the external surface of the whole spine under

a low power binocular microscope, but dentine rings have been described
in both longitudinal sections and cross sections of the spine  Holden

and Me~, 1962; Soldat, 1980!. Soldat �980! used ground cross

sections of spines to age dogfish fran the Northwest Atlantic but,
together with Holden and Neadows �962!, he ccxmented on the

dif f iculties in accurately counting cross-sectional rings. In

particular there was the possibility of the "loss" of rings depending on
where the spine was cut and the need to apply a correction for such

neglectful. ~~h bands in attempting to estimate age fran spine cross

sections. Because of the difficulties encountered by other workers

using this method, we did not attempt to determine fish ages from

sections of spines but counted the bands observed on the external

surface of the spines.

The'anterior and posterior dorsal fin spines were rerr~M frrxn the

fish and stored in vials with a 10% formaldehyde solution, for later use

in age deS~ination. The method utilized in this study was to count

the opaque pigment bands separated by lighter, hyaline zones and is

similar to the method employed by Holden and Meadows and others. The

posterior spine was used for aging, being the larger of the two and

having the rings spaced. further apart. However, a ccmparison of age

deterr~ed from both anterior and posterior spines was carried out when

both were available. The spine was observed with a binocular microscope

under low magnification  Sx! using side lighting. If higher

magnification was used, the bands appeared diffused and became difficult
to count. The spine was listened with water and placed on its concave,

posterior surface in a clear, glass petri dish. The dish was angled by

hand to allow light to pass through one side of the spine, thereby

clearly illuminating the bands on the opposite side. Two counts were

made of the opaque bands on one side of the spine; the same was done on

the opposite, anterior face

The ring structure on dorsal spines sh~ some variations be~

fishes. Holden and Meadows �962! have also noted this and described a

number of cmtmnly occurring conditions. When changes in ring pattern

were found, such as split or double rings they were carefully regarded

and the interpretation of Holden and Meadows was foll~ in est~ting



the age from the spines. To eliminate possible unconscious bias, care

was also exercised to keep fromm the reader all inforrration about the

fish whose spine was being analyzed. It was observed that the ring

patterns on spines from male fish were less distinct overall than fernale

fish spines. It was also noted that, as Ketchen �975! had observed,

the bands marking the first 5 to 7 years of growth were broader and

fainter than later rings. The trend of reduction in annual band width

with increasing age is shown for a group of ten fish in Figure 5. There

was considerable variation in growth band width frozen year to year on any

single spine but the gradual reduction in band width with age is fairly
clear for the group as a whole.

The age range for any particular spine count. was one to three or

more years. Any spine with an age range of three or more years was read
again at a later date, in an attempt to obtain a rrere precise reading.
Spines from fish over 100 crn in length were reread also, to reduce any

error due to worn or damaged spines. If the reading differed by one

year, an averaging of ages was employed, by alternately choosing the
higher and lower age in a particular size class of fish. If the count

differed by two years, the rtean age was accepted. A spine reading was

discarded if the difference betrvem readings was greater than two years.

Any spine considered too worn to yield an accurate age was also

rejected. This subjective decision usually occurred if the spine was

worn to or beyond the start of the pulp cavity.

Of the 832 spines counted, 24% yielded a single age, 44% had an age

range of one year, 20% ranged over two years, 3% had a three year range,

and l0% were considered unreadable. This methane eventually yielded age

deterrnirwtions for 434 fernale and 225 male fish.

The relationship of total fish length to estimated age for both

males and females was plotted  Figures 6 and 7! and curves were f' ted

to this data using the familiar von Ber+wlanffy  l938! growth equatior.:
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FIGURE 5: Relation bet%men pigment band intervals and fish age
for l0 fish, ~icating decreased spine gr~ with
age. Pi~t band mals measured in arbitrary
units. Note that spines used are frcm fish of
varying ages.
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FIGURE 6: The von Bertalanffy gv~ curve fitted to the
obse~M lengths at age for female S. acanthias
�33 fish!. Note that nore than one fish may
be represented by individual points.
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FIGURE 7: The von Bertalanffy growth curve fitted to the
observed lengths at age for male S. acanthias
�18 fish!. Note that rare than one fish may be
represented by individual points. Dashed line
depicts the file grat~M.~~ for comparison.
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L = L �-exp -K t-t ! ]!

L = length at time t

L theoretical average maximum length

K = Brody growth coefficient indicating the rate at

which length approaches L

t = calculated time at which length  L! is equal to zero
o

where

to the two year uterine gestation period of dogfish. Estimates of the
length at, birth calculated fromm the ~s obtained �0.0 cm and 20.8 cm
for males and females respectively! are scxnewhat low compared to the

estimated size range at birth of 23-28 cm for this population of

dogf ish.

The gnx'M curves were fitted by least squares as described by
Tcxnlinson and Abramson �961! . The curves were computed on a Univac

1100 cmputer utilizing Abramson's BGC-3 Fortran program. The von

Bertalanffy growth parameters of the male and female growth ~s are

shawm in Table 2. The mean lengths at age are listed in Table 3 and the

distribution of fish lengths at age are given in Tables 4 and 5. The

rmst noticeable differences between the males and females are the L and.

K values. Males have a larger value for K but a smaller L than

females indicating that males reach their theoretical average maximum
length  L ! more quickly than females. Caution must be exercised when
interpreting K, for it should not be regarded simply as the gee rate
of a particular fish or population  Ricker, 1975! . Other factors

besides growth rate of the fish influence K, such as the value of L .

An example of this can be seen when ccmparing the male and female growth
parameters. The larger Brody grc~a coefficient for males might at
first infer a faster rate of gmWi. Yet, ccmparison of the two growth

curves together  Figure 7! shows their growth rates prior to maturation
are very similar. However, the Brody growth coefficient  K! can be used
for ccmparison as an indication of growth differences among ~ations
of the same. species, as long as such considerations are kept in mind.

The calculated time at which fish length equals zero  t ! for both0

males and females in this study is close to -2 years, which corresponds
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Table 2. Calculated von B~mtalanffy growth parameters for Northwestern
Atlantic stock.

433

218

120.96

85, ~ 48

.0689

.1359

-2.75

-1.96
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This indicates a poorer fit of the von Bertalanffy equation in these
young size classes. The values for L correspond closely with the
greatest observed maximum lengths  L ! of fish sampled, which were 91

cm for males and 119 cm for females.

Natvzcttion

A cumulative frequency distribution of fish lengths was plotted to
determine the length at 50% maturation for both males and females

 Figures 8 and 9! . Maturity of male dogfish was judged by clasper size,
which enlarge noticeably at sexua1 maturation. Female maturity was
defined by the presence of uterine embryos, or uterine eggs encapsulated
in "candles" ~ Only the fish caught offshore, in the Georges Bank,

Stellwagen Bank, Brown's Bank, and NNFS sites, were used for the 50%
maturation determination. These fish better represented a sample of the

entire population length range, since most irmature fish were caught
offshore. Using the offshore samples, 148 males and 213 females were

utilized; it is acknowledged that these form only small samples and are

only intended for comparison purposes.
For these samples the lengths at 50% maturation were 75.7 cm and

92.8 cm for males and. females respectively. A calculation of the age at

which 50% of the fish became sexually mature was made utilizing the von

F~~~anffy growth curves determined for this stock. The calculated

ages of 50% maturity were 14 years for males and be&can 18 and 19 years

for fata.les.

An analysis of the age data with respect to sexual maturity yielded

an important relation regarding dogfish graph and maturation. Immature
females were consistently smaller tI~ mature females of ccrrparable age.

These size differences are shawm in Table 6 for females sampled at

offshore sites. The finding that immature females are consistently

smaller at age, or slower growing, indicates the significant influence

of growth rate on the onset of sexual maturity.
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FXGUPZ 8: Relation beWeen length of female dogfish ard
percentage maturity �13 fish! .
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FIGURE 9: Relation beUemn length of'male dogfish and
percentage maturity �48 fish! .



32

0 C9
LLJ

O

O 0 0 0 0 0 0 0 0 O
cn co p & w W M cU



33

Std. DevStd. Dev. N

86.067.3 8.4213

2.4285.92.8374.014

87.2 6.1074.0, 15

7.7789.06.3668.516

7.4192.366.017

70.0

Table 6. Caparison of lengths at age for i<me.ture and mature female
fish sampled at offshore sites.



34

DZSCUSSHK

Gr oarth

Cloison of our data with previous studies is limited, because

many earlier studies pooled male and female growth data, making
crmperisons inappropriate  Kaganovskaia, 1933; Aasen, 1961; Holden and

Meadows, 1962! . The present growth curves and their parameters for male

and female fish separately are given in Table 7, together with

coroparable data for spiny dogfish frorrr the Northeastern Atlantic

 Scottish-Norwegian! stock and for west coast, Pacific stocks of this

species. The Pacific dogfish are found to be betr~n 5 and 10 cm larger

than Atlantic stocks. The maximum observed lengths  L ! for Pacific

stocks range from 100-107 cm for males and 124-130 cm for females

 Ketchen, 1972! . L for Atlantic stocks range fromm 83-91 cm for males
max

and 109-119 cm for females  present study!. The increased size of

Pacific dogfish can also be seen in caparison of the L parameters in
Table 7, which should reflect the L values obtained from samples.

Horner, the ccxrtparison of observed maximum lengths  L ! is more

applicable than comparison of L in this case, due to ~ppropriately

large estimates of L by Banham �949! which were not matched by equally

large fish in catches.

Although Atlantic stocks apparently do not grow as large as Pacific

dogfish, Atlantic populations seem to grow faster during imnaturity, as
shown by the K parameters and by simultaneous comparison of the various
growth curms  Figures 10 and 11! . The grmW curve predicted by

Ketchen �975! is taken to be representative of Pacific stocks and is

therefore the cur m depicted for comparison in Figures 10 and 11. The

higher K value for Atlantic stocks is indicated by the steeper slope of
the growth curve, while the larger L of Pacific dogfish is denoted by

the greater height of the grotrth ~. It can also be seen that the

growth ~~s of previous studies begin with slightly greater lengths at

birth  age zero! indicating a smmwhat better fit of the ~ at

younger ages. However, comparison of t values in Table 7 shows that

the present study has values quite close to -2 years, reflecting the 2

year gestation period of dogfish whereas previous studies obtained t o



K t
0Area/Source

No~st Atlantic

Present Study

F 120.96 ~ 0689 -2.75 433

-1.96 218M 85.48 .1359

Northeast Atlantic

Holden and Meadow �962!

-3.6 445

-2.0 317

F 101.4

M 79.7 .21

-4.88 418

-4.70

F 125. 3

M 99.3

British Columbia

Ketchen �975

~ 048

.070

Strait of Georgia-B.C.

Jones and Geen �977!

-6.K

-4.1

.037F 128 ' 0

M 98.4 .072

Washington Coast

Bonham �949!

-6.7 107

-5.2 109

F 152.9 .036

M 101.8 0.71

* Sample size

a Average of Hecate Strait and Strait of Geoxgia results
b Sexual breakdown not specified

c Age determination by x-ray spectatetry

Table 7. Comparison of von ~lanffy gr~~ parameters for Atlantic
and Pacific stocks of spiny dogfish.
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FIGURE 10: Caparison of vnn Bertalanffy ~~h curves for

male S. acanthias fram three different fish

populations, fromm North Sea  Holden and Meadows,

1962!, from British Columbia  Ketchen, 1975!, and

fromm the Northwestern Atlantic  present study! .
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FIGUHE 11: Comparison of von Bertalanffy orth curves for

female S. acanthias fram three different. fish

populations, fromm North Sea  Holden and Ne~,

1962!, frcxn British Columbia  Ketchen, 1975!, and

grcxn the No~stern Atlantic  present study! .
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values different frown -2 years, sugges~g that in this respect the

present results give the better fit at younger ages.
Canparison of the growth curves and their parameters for Atlantic

dogfish stocks show interesting differences beMmn them. K values for
the Northeastern Atlantic, or North Sea, dogfish population  Holden and
Meadows, 1962! are higher for both sexes than values derived fry
Northwestern Atlantic stocks. The faster growth of Northeastern

Atlantic stocks is possibly a reflection of increased fishing mortality
on growth. An extensive ccmnercial dogfish fishery expanded rapidly in
the North Sea, off Scotland and Norway after the 1939-45 war, while
Northwestern Atlantic stocks have had ccmparatively little cmmercial
fishing pressure, at least until the rnid 1970's. The North Sea stock
studied by Holden and tWadows �962! might therefore ~~it the
increased growth rate, earlier maturation and reduced maximum lengths,
indicative of a heavily fished stock when cnrpared to relatively

underutilized populations  Holden, 1973; Mams, 1980! .
The increased growth rate can be seen in the higher Brody growth

coefficient values and the larger mean lengths at age for North Sea.
samples. A reduction in the maximum predicted lengths attamable and
maximum observed lengths is depicted by the ccxrparatively lower L and
L values for North Sea stocks  Table 7!.

lt can be seen from the overall results that male dogfish mature

earlier and that they reach a smaller maximum size than female fish.
The Northwest, Atlantic stock of dogfish apparently grow faster than

Pacific dogfish stocks, but they do not reach as large a maximum length.
Ccmpared to the North Sea stocks, the Northwest. Atlantic population
seems to have a slower growth rate and higher maximum length. These
differences between Atlantic populations may be due to dif erences in

fishing pressure.

Matm atio~

Both of the maturation estimates calculated for this population
�5.7 cm for males; 92.8 cm for females! are high when carr@ared to other



estimates for Atlantic stocks. Holden and Meadows estiinated the size of

50% maturation for North Sea males was 60 crn and 82 crn for females,

while NarrInack {1982! calculated values for Northwestern Atlant:ic stocks

of 81.3 cm for females and 58-62 crn for males. The present study's

estimates are actually rare ccmparable to Pacific dogfish estimates of

length at 50% maturation gstimates fram Ketchen {1972! were 72 cm for

males and 93.5 crn for females!. The estimated ages at 50% maturity for

this stock, 14 years for males and 18-19 years for females, can be

contrasted with 5 years for males and 11 years for fanales for the North

Sea dogfish as deterrrd~d. by Holden and Meadows. The lengths and age's

at 50% maturation for this stock are only estimates, since it is

realized that, the sample sizes used for these approximations are too

small to mulct accuracy.

Although the size at maturity values obtained for the small samples

this study are cxmparatively high, it is quite probable that this

stock does exhibit a larger length at maturity than the North Sea s~

st:udied by Holden and Meadows, because this Northwestern Atlantic

population grows more slyly and r'caches larger rnaximurn lengths. When

canparing these two Atlantic stocks, it must be rernernbered that the

North Sea dogfish have been exploited much more heavily than NoM~st

Atlantic dogf ish stocks.

Finding that the irrrnature females were smaller than mature fema.les

of the same age indicates that these irrrnature fish are slower growing.

The resulting conclusion, that faster growing fish mature at: an earlier

age, holds interesting implications concerning the fecundity of this

dogfish population. One way which fish populations are able to control

their fecundity is through density dependent changes in growth patt:erns.

If population density is lear or in the process of decreasing, fish

growth will tend to increase, reducing the time to sexual maturation and

thereby increase a fish's overall reproductive potential  Holden, 1973,

1974!; reduction in the size at maturation may also occur. This may be

related to the differences found when the two populations on either side

of the Atlantic are ccmpered. The North Sea population density is low

due to fishing pressure and the fish grcm more rapidly and increase

fecundity by shortening the t~ to sexual maturation.
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The von Bertalanffy growth pararx ters dete~ed for the
Northwestern Atlantic dogfish population exhibit relationships similar
to other studies when ccxqmred between sexes and to Pacific stocks,

while highlighting interesting differences between other Atlantic
populations. The male dogfish mature earlier and reach a smaller
maximum size than females. Growth of this Atlantic stock is apparently
faster, but maximum attainable size is not as great as reported for
Pacific stocks. The Northeastern Atlantic, North Sea, stock of dogfish
was found to have higher growth coefficients  Kj, but lower L~ and
L values, indicating that these fish grow faster, but do not achieve
sizes as large as the No~stern Atlantic populations. The
differences in growth beW~n the stocks on either side of the North
Atlantic may be related in part to the greater fishing pressure exerted
on the North Sea dogfish stocks.

Comparison of size at age armng immature and mature female fish
showed that faster growing fish mature at an earlier age. Increasing

h rate and the resultant earlier sexual maturation is considered to

be a density dependent mechanism for control of fecuncHty, especially in
more k-selected species. If the size of the Northwestern Atlantic
dogfish population is reduced due to fishing or other environaental
pressures, an increase in growth rate might be one response exhibited by
these dogfish to increase overall fecundity. However, such an attempt
at increased g~ and an earlier maturation would have only limited
effects in increasing the fecundity of this species, which exhibits such
low reproductive potential and slow grus.
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